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I n t r o d u c t i o n
The earliest inter-Glacial period known in Canada is that of the To­
ronto formation, which has been described more than once, and is some­
what well known to Pleistocene geologists. Excavations near Toronto 
and elsewhere provide fresh information in regard to it from time to 
time and give emphasis to the conclusions already reached as to its length 
and the character of its climate, and special studies of the general rela­
tionships have been made by the writer in connection with the recent 
visit to Toronto of the Geological Congress. As there are still some 
prominent Pleistocene geologists who refuse to admit an inter-Glacial 
interval of great length and of mild climate, it is proposed to bring to­
gether here the latest evidence of the reality and importance of this inter- 
Glacial period.
At Toronto five well defined sheets of boulder-clay are known, with 
four sheets of interglacial stratified sand and clay separating them. 
These interglacial deposits vary from 25 to 185 feet in thickness and 
doubtless represent very different intervals of time. In two of them 
fossils have been obtained; but the lowest, and therefore oldest of them
1 Manuscript received by the Secretary of the Society April 2, 1014.
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is much the most important in thickness of the deposits and in the 
great amount of fossil materials which have been obtained from it. The 
lowest of the four interglaeial beds only will be considered here. It is 
intended to show that the time interval was very much longer than post- 
Glacial time, and that the removal of the ice was very widespread, in­
cluding a recession beyond the James Bay slope toward the north. It 
is probable that the Toronto inter-Glacial period is the same as the 
Aftonian.
The Toronto formation includes two divisions— a lower one, best shown 
at the Don Valley brickyard, which may be called the Don stage, and an 
upper one, best seen at Scarboro Heights, the Scarboro stage. There is 
no unconformity between the tw o; but the fossils of the Don indicate a 
warmer climate than the present, while those of Scarboro suggest a some­
what cooler climate than the present. However, the fossils of the Scar­
boro beds are not arctic nor subarctic, as might be supposed, but tem­
perate forms. All of the living species represented in the beds are now 
inhabitants of southern Ontario. Of the larger number of extinct beetles 
little can be said with certainty as to climate. The change of climate 
within the time of deposit of the interglacial beds was distinct, but not 
extreme.
The Don beds will be taken up first.
T h e  D on B eds
The preglacial surface at Toronto had a somewhat high relief and 
was made up, so far as known, of weathered Lorraine shale, more or less 
carved into river valleys. The oncoming ice swept off the weathered ma­
terial, mixing it with solid blocks of shale and limestone, as well as the 
varieties of Archean rocks which occur to the north. Granites, green­
stones, and green schists are common, and also well polished and striated 
blocks of solid Trenton limestone and smaller fragments of black Utica 
shale. No rocks of later formations than the Lorraine have been found, 
so that the ice must have advanced from the east or northeast. I f  it had 
come from the northwest or west, one should find fragments of the Bed 
Medina sandstones or shales or of the Clinton or Niagara or Guelph 
limestones, all easily recognized rocks; but none have been found. There 
should also be blocks of the jasper conglomerate and the red quartzite of 
the Huronian region, which likewise have never been found, though the 
lowest boulder-clay has been carefully studied at more than one point. 
The first ice-sheet came, therefore, from the Labrador center, 700 miles
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away, and not from the Keewatin center, 1,400 miles away, as suggested 
by Professor Wright.
The lowest boulder-clay in most parts of the Don Valley rests on the 
Lorraine shale, with a thickness of 3 or 4 fee t; but at one point, near the 
bend of the Don, both the boulder-clay and the shale beneath were cut 
away by a small interglacial river to the depth of 16 feet, over a breadth 
of 400 feet. The cutting into the shale, with its resistant layers of thin 
limestone, was as deep as that made by the Don in post-Glacial times, 
and probably required as long a time to accomplish.
In  this old river valley a fairly swift current deposited shingly gravel 
made from the underlying shale mixed with leaves, wood, bark, and other 
vegetable material, including wood of the red cedar and pawpaw, showing 
that the climate was no longer glacial, but had already become warmer
^________ S o _______ /yo
Section at bend of Don
F i g u r e  1 .— Cross-section of the  Don Beds
than that of Toronto at present. There are many unbroken unios, ano- 
dons, and gastropod shells in the finer beds above.
At the Don Valley brickyard wood, sometimes as tree trunks 12 or 15 
feet long and still retaining branches, is found flattened into the surface 
of the boulder-clay, and many unios are embedded in a few inches of 
clay resting on the till. These shells are often in pairs and are still cov­
ered with the greenish epidermis found on living unios in  the Don near 
by. I t  is evident th a t they lived and died on the spot where they are 
found.
Above the blue clay resting on the till there are well stratified beds of 
sand and clay, rising for about 17 feet, laid down in the shallow water of 
a lake. They contain many shells, especially unios, sphseriums, and pleuro- 
ceras, seldom broken, though many are worn by the sand and fine gravel 
with which they were deposited. In  a few of the th in beds of clay be­
tween the sand layers there are great numbers of leaves of deciduous trees, 
usually perfectly preserved, though hard to extract as complete leaves 
because of the difficulty in splitting the clay in precisely the right way to 
expose the whole of a leaf. Hundreds of leaves have been obtained, and 
most of the 35 species of trees reported from these beds have been deter­
mined from them. The leaves evidently settled to the muddy bottom in 
quiet water. They were not crumpled nor weathered nor torn before 
■they were embedded, and the organic matter is still preserved as a thin 
brownish layer.
Above the highly fossiliferous beds there are 3 feet of blue sandy clay, 
with fewer shells, and 5 feet of brown sand which occasionally contains 
wood. The brown or yellow sand is more or less cemented with iron 
oxide and must have been formed in shallow water under oxidizing con­
ditions. The whole thickness of beds at the brickyard is about 25 feet, 
but including the beds in the old river channel half a mile east at the 
bend of the Don the thickness becomes 40 or 45 feet.
Blue, finely stratified clay, resting evenly on the brown sand and rising 
for 23 feet at the brickyard, is considered to represent the lowest Scar- 
boro beds.
The Don beds occur over almost the whole area of Toronto and have 
been found 14 miles to the north at Thornhill, where wood, a pine cone, 
and shells were obtained, after penetrating a great thickness of till, in 
stratified sand and gravel 200 or 300 feet below the surface. The warm- 
climate beds have been found also in a well at Scarboro Heights, 7 miles 
east of the Don. The known width of the beds near Lake Ontario is 13 
miles, and with a length of 14 miles inland the area can hardly be less 
than 100 square miles and may be much greater.
The natural explanation of the facts just described is that after the 
earliest ice-sheet had withdrawn for a time long enough for a stream to 
cut a valley 16 feet into shale and to allow forest trees like those of Penn­
sylvania to reach the Don Valley, the outlet of the Ontario basin was 
slowly lifted, ponding back the waters so as to form a lake, which grad­
ually rose to a height of 50 or 60 feet above that of Lake Ontario. Unios 
and other shell-fish, some of them Mississippi forms, throve on the muddy 
bottom; floating tree trunks got water-logged and sank into the mud, and 
all were buried under sand and clay brought by a great river from the 
north. Fresh trunks and leaves from trees that grew on the banks of the 
river were carried down from time to time during hundreds or thousands 
of years, all being quietly entombed in the beds of the growing delta, and 
with them were preserved bones and horns or tusks of extinct mammals
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like those found in the Aftonian beds. Everything went on quietly and 
in order, without great floods or catastrophic action of any kind, and the 
Avhole demanded a warm climate and much time.
T h e  Scarboro Beds
Resting on the Don beds at Scarboro and elsewhere we find 95 feej of 
stratified clay and 55 feet of stratified sand, in which none of the warm- 
climate wood or leaves have been found. The mud and sand of the delta 
brought down from the north by the great river were spread out in the 
interglacial lake, which at length rose to 150 feet above the present Lake 
Ontario. The mud deposited by the river consisted of thoroughly weath­
ered material from which the lime had been leached, providing clay that 
makes bright red brick. The boulder-clay near Toronto is highly charged 
with lime, and the stratified glacial clay derived from it above the inter- 
glacial beds retains so much lime as to bum to a gray or buff brick, the 
red color of the iron oxide being entirely masked by the lime. I t  is evi­
dent that the country to the north had been long exposed to the weather, 
and that no glacier mud was being delivered to the interglacial river or its 
ceras, seldom broken though many are worn by the sand and fine gravel 
tributaries. There was no ice lurking on this side of the northern water­
shed.
The fossils derived from the Scarboro beds include 72 species of beetles, 
of which only two still live. Doctor Scudder, who determined them, says: 
“Looking at them as a whole and noting the distribution of the species to 
which they seem most nearly related, they are plainly indigenous to the 
soil, but would perhaps be thought to have come from a somewhat more 
northerly climate than that in which they were found.”
The plant remains are on the whole less satisfactory for determination 
than the trees of the Don beds. Among trees, Larix americana, Abies 
balsamea, Picea, Salix, and Alnus have been determined; among smaller 
plants, Oxycoccus vulgaris and Vaccinium uliginosum  are mentioned bv 
Doctor Macoun. A large number of seeds are found in the peaty matter, 
and Dr. W. L. McAtee2 has determined from them Scirpus fluviatilis, 
Potamogeton sp., Brasenia purpurea, Prunus, probably Pennsylvanica, 
Polygonum  sp., Chenopodium  sp., and Ceratophyllum demorsum. A 
number of species of mosses have been obtained also. Doctor Macoun, 
who determined the upper part of the list, believes that the climate was 
like that of the northern part of the Gulf of Saint Lawrence or southern
2 U, S, Biological Survey, Washington, T). C.
248 A. P. COLEMAN----THE EARLIEST JNTER-GLAC1AL PERIOD
Labrador, cool and wet; but all tlie plants he mentioned still live in 
swamps to the north of Toronto and all the trees occur at Toronto. The 
plants determined from the seeds indicate a climate like the present, as 
all of them are found here now, and most of them extend much to the 
south of Toronto. The later evidence just given modifies considerably 
the conclusion reached by Doctor Macoun, and I am told by botanists 
tha,t northern forms are often found in peat-bogs or swamps far south of 
their usual habitat. In general, it may be said that the climate of Scar­
boro times was distinctly cooler than that of the Don beds and probably 
somewhat cooler than that of the present, but that it was far removed 
from arctic conditions.
D iffic u l t ie s  of P rofessor Wrig h t 's I nterpretation
Prof. G. P. Wright, who has visited the sections at the Don and Scar­
boro, does not accept the interpretation given in the foregoing pages, and 
suggests another way of accounting for the facts by which the inter- 
Glacial interval is to be eliminated and the whole series of events is to bo 
condensed into the briefest possible time, apparently a few thousand 
years. The mechanism by which he would accomplish this is not entirely 
evident to the present writer, but the following ideas seem to cover the 
essential points:
1. The lowest boulder-clay at the Don was not formed by ice from the 
Labrador center, but by an advance from the Keewatin center to the 
northwest. This has been shown to be incorrect.
2. The supposed warm-climate beds, admitted by Professor Wright to 
indicate a climate warmer than the present, consist of materials deposited 
in late Tertiary times, transported from somewhere by mysterious means 
and placed gently and deceptively on the lowest boulder-clay. He thinks 
that the specimens of warm species of plants and animals may have been 
“ploughed up by a readvance of the ice after a temporary recession and 
raised without much disturbance to the higher beds where they are now- 
found.” He supports this view by a reference to the well known but sti 11 
enigmatic Moel Tryfaen deposits in Wales, where marine shells are sup­
posed to have been lifted by the ice and afterward laid down in beds of 
stratified sand. He says that in a few hours several whole shells could 
be found, though “most of the specimens are fragmentary.”
Apparently some doubts existed in his mind as to whether the innu­
merable whole shells, with no broken fragments, and the hundreds of 
perfectly preserved leaves in the Don beds could have reached their pres­
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ent position in this way, for he refers later to the great masses o£ chalk 
in Sweden, one of them 3 miles long, 1,000 feet wide, and 100 or 200 feet 
thick, shifted by the ice and now inclosed above and below by glacial 
materials.
Tertiary beds have not yet been found in Ontario from which the warm- 
climate fossils of the interglacial could be derived, and in any case it is 
incredible that the 100 square miles of fossiliferous deposits should not 
somewhere show evidence of the strange history they are supposed to have 
passed through. The interglacial leaves and shells, all whole and sound, 
could not have survived the Moel Tryfaen experience, in which the great 
majority of the shells were broken; and Professor Wright will hardly 
suggest that a sheet of sand and clay 100 square miles in area could be 
transported bodily for an unknown distance to be laid gently on the lower 
bed of boulder-clay. The immense disturbance must somewhere have left 
its marks.
Even if  this extraordinary theory were accepted the real difficulty has 
not been touched, for it  has been shown that the warm-climate beds are 
buried conformably by the later Scarboro beds. If the Don beds were 
shifted bodily, they could hardly be laid down so evenly that the delta 
clays and sands of the Scarboro stage should not show some unconformity. 
I f  it be suggested that the whole series, including both Don and Scarboro 
beds, was shifted together, the difficulty of transport is still further in­
creased, since the Scarboro beds have a width of 25 miles as compared 
with the 13 miles of the Don beds, and the area of flat, undisturbed clay 
and sand to be transported is increased to probably 150 or 175 square 
miles.
However, it is probable that Professor Wright had no such thought in 
mind, since in his concluding statements he suggests that the Keewatin 
Glacier extended in the vicinity of Toronto into a region “occupied by 
some species of plants and animals which now exist only at a considerable 
distance to the south. At that time the lower Don beds were formed. 
Later the Labrador Glacier pushed outward as the Keewatin Glacier re­
ceded. . . . During this advance over the deserted Keewatin deposits 
in the vicinity of Toronto, the Scarboro beds, overlying the Don beds, 
were deposited and some of the fossil plants and animals native to the 
lower beds were incorporated into the lower portions of the upper beds.”
How this is to be reconciled with the drainage of the interglacial waters 
to a depth below that of Lake Ontario, as proved by the Dutch Church 
Valley, at Scarboro is hard to see. This interglacial valley, a mile wide 
and 166 feet deep, could not have been carved while the Labrador ice-
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sheet blocked the Saint Lawrence. This theory ignores also the fact that 
later ice-advances— for instance, the Wisconsin—passed right across the 
interglacial beds, filled the Ontario basin, and spread out a sheet of till 
and a series of moraines in the States to the south.
I n t e r g l a c i a l  D e p o s i t s  i n  o t h e r  P l a c e s
The case for a great inter-Glacial period in the early Pleistocene is, 
however, much stronger than even the beds at the Don and Scarboro 
would suggest, for there is evidence to show that similar beds are much 
more widely distributed. Land and fresh-water shells occur in  thick 
interglacial beds at the west end of Lake Erie,3 and certain beetle-bearing 
peaty clays at Cleveland, Ohio, are precisely like those of Scarboro, and 
include two of the extinct species found at Scarboro, while leaves of 
maple and other trees have been obtained in interglacial beds north of 
Lake Erie near Port Rowan. Interglacial wood has been found beneath 
boulder-clay by Doctor Spencer near the bottom of the ancient Saint 
Davids Valley west of the Whirlpool at Niagara, and Miss Maury has 
described an interglacial bed near Cayuga Lake, New York, containing 
eleven of the unios, sphseriums, and other shells of the Don beds. This 
interglacial stage has left its mark on both sides of the two southern great 
lakes at points 300 miles apart.
A series of interglacial deposits 350 to 400 miles to the north of To­
ronto presents much the same character. The flattened trunks of trees 
and the peaty matter are closely like those from the Don. No less than 
27 outcrops of lignite or peat of this kind are found in the river valleys 
of the James Bay slope, extending for 150 miles from east to west and 
for 50 from north to south. The climate in that northern region was 
mild enough for trees of large size to mature, and Professor Baker, the 
latest geologist to report on the region, believes that there was time 
enough for the vegetable matter to be buried and thoroughly carbonized 
before the next glaciation.4 Either the ice retreated more than 400 miles 
beyond Toronto or the opponents of inter-Glacial periods have a second 
important inter-Glacial interval to account for. That the two sets of de­
posits, each demanding a great length of time, were formed contempora­
neously seems most probable.
3 Geological Survey of Canada, vol. xiv. 1901. p. 108. A summary report by Doctor 
Chalmers.
* Bureau o f Mines, Ontario, vol. xx. part ]. pp. 234-238. Details of authorities for 
previously mentioned localities may be found in “An estimate of post-Olacial and inter- 
Glagfal time In North America.*' a paper presented to the Geological Congress.
There are reasons also for thinking that the Aftonian beds of Ohio and 
adjacent States are of the same age. In both cases there is only one sheet 
of boulder-clay beneath, while there are four, separated by layers of inter- 
glacial materials, above. All of the genera of trees mentioned in the 
Aftonian occur in the Toronto formation, and probably all but one of the 
seven mammals found at Toronto are of the same genera as Aftonian 
mammals. The Ohio region has mostly been glaciated by ice-sheets com­
ing from the Keewatin center, and if we correlate the Toronto and Afto­
nian formations it implies that the ice-sheets of the two centers had 
parallel histories, which seems highly probable.
L e n g t h  o f  i n t e r - G l a c i a l  T i m e
The total length of the earliest inter-Glacial interval must have been 
far greater than that o f post-Glacial time. I t begins, as shown in the 
Toronto region, with a period of river erosion comparable to that needed 
by the Don to cut its channel since the ice departed; is continued by the 
deposit of delta materials to the depth of 185 feet, requiring thousands 
of years, and ends with the cutting of river valleys much more mature 
than the postglacial valleys. Attempts have been made to estimate these 
different processes with the general result of tripling or quadrupling post- 
Glacial time. In a paper read by the present writer before the Geological 
Congress it has been shown from the rate of recession of Scarboro Heights 
through wave erosion that Lake Ontario is at least 8,000 years old. This 
result is corroborated by the rate of building of Toronto Island, which is 
formed of materials transported from Scarboro. The method of calcula­
tion is far more definite and accurate than estimates formed from the 
dimes of southern Lake Michigan.
The 8,000 years required by Lake Ontario to give its shores their pres­
ent development must have been required also by Lake Iroquois, with 
shores of equal maturity. The marine episode coming between the two 
and certain preliminary stages of the two lakes not included in the time 
required to form their present shores probably demand an equal amount 
of time. The whole time since the ice left the Ontario basin can hardly 
be less than 25,000 years.
This estimate, which is based on definitely measured factors and is not 
merely a guess, gives a fair idea of post-Glacial time, probably under 
rather than over the true amount, and may be used as a measure for cer­
tain interglacial phenomena. The preliminary stages of the inter-Glacial, 
including the cutting of a river valley 16 feet into shale, may be esti­
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mated, as equal to post-Glacial time, say 25,000 years. The deposit of the 
interglacial beds, checked by the counting of 672 annual layers of clay 
in  a thickness of 19 feet 6 inches, is considered to have required not less 
than 4,300 years. The broad, gently sloping interglacial valley of the 
Dutch church at Scarboro required for its formation a time much greater 
than the far less m ature postglacial valleys. I f  we say only twice as much,
50.000 years. The whole of the inter-Glacial interval must have been
75.000 or 100,000 years in length.
Even if the much too short estimate of post-Glacial time given by Pro­
fessor W right— 10,000 years— is employed in computing the length of the
Section of Don valley; narrow part
Section of Don valley; wide part
L e v e l o f  Lake Ontario
Section of interglacial valley; Dutch church
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inter-Glacial period, it amounts to 34,000 years. Prom the evidence as 
to climate given above it can not be denied th a t as high a temperature 
existed both at Toronto and on the James Bay slope in inter-Glacial times 
as now. The Labrador ice-sheet, which centered only 300 miles northeast 
of the Jam es Bay lignite deposits, does not exist now and could not exist 
in the equally warm or probably warmer inter-Glacial time. I f  the great­
est of all the ice-sheets, that of Labrador, was melted in the earliest inter- 
Glacial period, what are the probabilities in regard to the smaller ice-sheet 
forest growth at least as rich as the present on the west side of James 
Bay? I t  seems highly improbable that the Keewatin ice could survive a
climate like the present for more thousands of years than have elapsed 
since the end of the Glacial period, and we may conclude that during the 
earliest inter-Glacial time no ice-sheets remained in North America except 
alpine glaciers on the loftier mountains of the west.
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